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(54) VARIABLE PHASE SHIFTER 

RJRPOS&To decrease the input power standing ; wave ratio 
and also to increase the variable phase shift quantity by 
Meeting a coaxial guideto two output terminals of abybnd 
coupler so as to short-circuit an hmet/outer conductor of a 
coaxial waveguide at an optional position. 
CONSTrnmON: The coaxial guides 91, 92 are fitted to two 
ou^tSn^offtel^ridcouplerS^meoutogmcte 
and the inner conductor of the coaxial guide are short-enxmted 
5 short circuit plates 101. 102. Both the fjftgffik 
101, 102 are connected by a connecting plate 12 through slots 
111 112 made to bom the coaxial guides 91, 92 A female 
screw 13 is provided to me connecting plate 12, the 
coTe«£g£ate^ 

screw rod 14 screwed to the female screw 13 so asto slide the 
SJ Suit pSm of both the coaxial guides. The tummg 
of me screw rod is given by a motor 15. 
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1 . (54)[Name of invention] Variable Phase Shifter 

2. [Area of Patent Claims] 

The variable phase shifters that has two output terminals incorporated. Connecting the 
coaxial tubes in parallel to the terminals of Taking out the signals of approximately 1/2 of 
power level of input signal with 90 degree differential phase of Hybrid Combiner, and 
connecting inner and outer conducting plates of those coaxial tubes respectively through 
the connecting plates through structure above, connect the screwed pole connected by the 
rotator of electric motor to the those female screws of the connecting plates and 
connecting brush contacts of the variable resistors, and apply fixed voltages to the fixed 
terminals of the variable resistor for positioning controls. Hie variable phase shifter has 
above feature and structure.' 

3. [Details of the Invention] 
[Industrial Application] 

This invention is concerning to the improvement of continuous variable phase shifter, 
[Current Technology] 

Currently, some different kinds of types are used as phase shifter for changing the phases 
of the signals of the high frequency continuously. Changing the length of the transmitting 
circuit continuously that will reach to the purpose. At the beginning, the Fig. 1 so called 
U style Line Stretcher was used. In the Fig. 1, the symbol 1 is input terminal, symbol 2 is 
output terminal, symbol 3i is outer conductor of the coaxial tube, symbol 3 2 is inner 
conductor of the coaxial tube, 4j and 4 2 are same as above of output terminal. Insert each 
edges of the U style coaxial tubes to the edged of these tubes that contacts each edges of 
the outer conductor 5i and inner conductor 5 2 to the inside of the outer conductor and 
outside of the inner conductor. 

Accordingly, moves X mm U style coaxial tube that will changes the length' of the 
input and output terminals 1 and 2 that will changes the length of the coaxial lines by 2 
times larger. So, changes the phase of 0-1 wave can be made when the resistance range 
equivalent to the. (1/2) wave of the applicable lowest frequency. However, negative issue 
of this U style coaxial tube is that the impedance can not be match with input and output 
coaxial tubes. Consequently, input voltage standing wave ratio is going to be poor and 
physical size of the phase shifter is going to be large. 

Thus, to the purpose especially down sizing, the combination of the hybrid circuit 
and the varactor diode as in the Fig. 2 are used. Fig. 2 is the circuit consists by 
connecting the varactor diodes 7i and 7 2 to the output terminals 63 and 64 of branch line 
that is a kind of hybrid circuit. Fig. 3 is equivalent circuit for explanation of working principal. 
Supply signal 1 into input terminal 6^ appears Ae iX at output terminal 63 and jBe 1 * at output 
terminal 64. 
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Match the characteristic of the varactor diodes connected to the output terminals 6 3 and 6 4 
completely, state both of its reflection coeffiecient as T, the reflection from diode will be ' 
TAe 1 and jTB^. These reflected powers will be appeared with divided by 1/2 on the 
terminals 6\ and 6 2 . • Firstly, the output to be appeared at the input terminal 61 will be 
r (A . - B ) e" that is sum of reflection (TAV 2 *) from terminal 6 3 and reflection (- 
TB e 1 ) from terminal 6 4 . Also, the reflection from terminal 63 to be appeared at the 
terminal 62 will be (jrAB 2 e i2X ), from terminal 64 will be (jrABW that sum of vector 
willbe(j2rAB 2 e i2X ). 

Supposed loss inside hybrid as zero, it will be (A 2 + B 2 = 1). Also, supposed the 
characteristic of hybrid is perfectly A = B = Vf2, the reflecting wave to be appeared at 
the input terminal 6i (#1) will be zero and following output wave t will be appeared at the 
output terminal 6 2 (#2) of phase shifter. 

T=jTe J2X (1) 

Supposed to state the characteristic impedance of circuit lines as Z 0 , respective 
frequencies of signals as co, equivalent static capacitance of varactor diode as C, the 
' referenced reactance X will be; 

X = -l/(eCZ 0 ) (2) 

The reflection coeffiecient T will be; 

JX-1 -1+jX -(1-jX) 2 

r= = = = . 1<e 

JX+l 1+jX l + X 
Therefore, tan 9 =2X/(X 2 -1) 
Accordingly, 

Cos0 =l/"l+tan 2 9 = (X 2 -1)/(X 2 +1) 

B^Cos" 1 {(X 2 -1)/(X 2 +1)} (3) 

Therefore, the signal to be appeared at output terminal 6 2 (#2) of phase shifter will be 
equal its amplitude to the input signal of input terminal 6i (#1), the phase will be changed 
per formula ( 3 ) above in accordance with the changes of the equivalent static 
capacitance C of varactor diode. 
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Also, supposed 3 dB hybrid is perfect, the reflecting signal to be appeared at input 
terminal will be zero that phase shifter can be made by small size. However, electrical 
tilt approx. 40 degree is limit due to the limitation of the range of the variation of the 
static capacitance of varactor diode that is large loss due to the resistance of the diode. 
Moreover, especially input loss will be greater that some series connections are required 
for controlling phase range higher man 90 degree. 

[The Subject of Solving by Invention] 

This invention has been submitted for considering to the above matter that the purpose of 
the variable phase shifter can be low insertion loss, low voltage standing wave ratio, large 
phase range controls, small size and light weight. 

[Solving Method of the Subject] 

The variable phase shifters that has two output terminals incorporated. Connecting the 
coaxial tubes in parallel to the terminals of Taking out the signals of approximately 1/2 of 
power level of input signal with 90 degree differential phase of Hybrid Combiner, and 
connecting inner and outer conducting plates of those coaxial tubes respectively through 
the connecting plates through structure above, connect the screwed pole connected by the 
rotator of electric motor to the those female screws of the connecting plates and 
connecting brush contacts of the variable resistors, and apply fixed voltages to the fixed 
terminals of the variable resistor for positioning controls. The variable phase shifters 
have above structures. 

[ Function ] 

This invention is structured as above. Rotate screw by motor, connecting plate will be 
actuated to forward or backward that changes positions of the outer and inner conductors 
of each coaxial tubes that changes the phase of the high frequency input signals. Also, in 
conjunction with connection of the connecting plate and rotator of the variable resister, 
moves rotator of the variable resister that voltage at the rotator will indicate response 1:1 



the position of the short-circuit plate of the coaxial tubes. So, for example, guide the 
controlled voltage and the voltage of the rotator of the variable resister to the differential 
amplifier. Then, operate motor mentioned above by the output voltage of the differential 
amplifier with setting the motor shall stop rotation when output voltage is zero that shall 
j short positions outer and inner conductors of each coaxial tubes, changes the phase of the 
high frequency input signals accordingly. 
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[Operation Example] 

Fig. 4 is perspective diagram as a example of the invention. The branch Line combiner 
per Fig. 2 can be used for the 3 dB hybrid combiner, but used rather high electrical 
performance ( 1/4 ) wave length distribution coupling type hybrid circuit 8. This circuit 
shall cross the mam line and sub line that can produce two terminals of the combiner to 
one same side. Attach two coaxial tubes to these output terminals. These outer 
conductor and inner conductor shall be shorted by the short-circuit plates 10, and 10 2 . 
these two short-circuit plates are held by the connecting plate 12 through groves made in 
the both coaxial tubes. There is female screw pitch 13 on the connecting plate. The 
screwed pole 14 mto female screw pitch 13 shall moves forward and backward 
connecting plate that positions shall short the both coaxial tubes. The rotation torque of 
the screwed pole 14 shall be given by the motor 15. Besides, the rotor terminal 17 3 of 
the vanable resister 17 is mechanically connected with connecting plate 12 through 
connecting mechanism 16 that its position shall be moved in conjunction with positions of 
the coaxial tubes 9, and 9 2 . Supplies appropriate DC or AC voltages to the fixed 
terminals 17, and 17 2 of the variable resister, the voltage of the rotor of variable resister 
17 3 shal be activated as above due to the response of 1:1 to the positions of the short- 
circuit plates of the coaxial tubes. 

The operating theory of practical operation example is also confirmed by the Fig. 3. 
The input reference reactance X of the shorted coaxial tubes 9, and 9 2 meets to the 
formula ( 2 ) shall be length 1 of reference point and position of the short circuit that is 
mdicated by following formula 



X = tan(2 7cl/X) = tan((Dl/Vc) (4) 

X is wave length of signal. Vc is speed of the light Insert this referenced reactance X 
mto formula ( 3 ) that phase can be obtained, and the variation range of the referenced 
reactance X by the changes of the length 1 will be from - oo to + oo that can make 360 
degree phase easily. For example at phase shift as 90 degree, the value of ( 1 IX ) may 



[Effect of the Invention] 

The features of this invention will be as follows. 

1 . Low V.S.W.R. at input. The line stretcher type is higher than 1 .5, but this invention 
• will be within 1.1. 

2. Low insertion loss. The varactor diode type will loose 0.6~0.7dB of insertion loss 
even within Maximum phase shift 40 degree due to loss of the diode. The insertion 
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90^^ ° f *** iDVenti0n ^ bB 1CSS *** 03 ffi 6Ven phaSe Shifl big g CT 

mXd PbaSe ^ 40 ^ 31 ° ne Stage 111 0386 of varactor 
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c^ecr^^^^ (Extend length of short 

4. Srn^l size and light weight One stage shall be done when phase shit is larger than 
^ T m ? 6S SmaUer Si2e c ° B 9 wred varactor type. Also, total 

T CT be times b *S er of movement that tins 

invention is smaller. 

SfaSS B te i, r ShiftCr ^u,^ 8 faventi0n ^ above features - before, 
° „• J*. V ?° US m0blle SatelUte communications can be expected tha 
commumcations desire down sizing and light weight of systems. 

[Simple Explanation of the Drawings] 

Irretcher! 8 meCbanical dlBwin « of &e cuirent shifter using U type line 

Pig. 2] is showing diagram of the phase shifter using varactor diodes. 
IMg. 3 J is showmg explanation of the equivalent circuit 

[Fig. 4] is showing mechanical drawing of the variable phase shifter under this invention. 

Input Terminal. 
. 2: Output Terminal 

31 & 4,: Input & Output Outer Conductors of Coaxial Tubes 

32 & 4 2 : Inner Conductors of Coaxial Tubes. 

5i & 5 2 : Outer Conductor and Inner Conductor of U type Line Stretcher 
o: Branch Line type 3dB Hybrid Circuit. 

6i» 6 2 , 6 3 and 6 4 are: Its terminals. 
7j & 7 2 : Varactor Diodes. 

5 : «, « 3dB Distribut ion Coupling type Hybrid Circuit 

9i&9 2 : Coaxial Tubes. 

10| & 1 0 2 : Short Contacting Plates. 

Hi&ll 2 : Groves 

12: Connecting Plate 

13: Female Screw 

14: Screwed Pole 

15: Motor 

1 6: Mechanical Connecting Structure 

17: Variable Resister 



17i & 17 2 : Fixed Terminal of Variable Resister 
1 73 : Rotor of the Variable Resister. 
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